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© A process for the electrostatic manufacture of spun products and products so obtained. 



© Preparation of products having a tubular portion (B) 
comprising electrostatically spinning a flbreizebJe liquid, the 
electrostatic field being distorted by the presence of en aux- 
iliary electrode (61, preferably so as to encourage the deposi- 
tion of circumferential fibres. 
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Production of Electrostatically Spun Products 

0 

This invention relates to tubular products and to 
processes for the production thereof. 

Our German Patent Application No P 2704771.8 
describes the preparation of tubular products, and~ 
specifically vascular prostheses, by a process involving 
the electrostatic spinning of liquids to give fibres which 
are then collected upon a shaped former/ which may be a 
rod or tube of configuration corresponding to that which 
it is desired to impart to the internal surface of the 
product. 

The process of electrostatic spinning involves 
the introduction of a liquid into an electric field 
whereby the liquid is caused to produce fibres which tend 
to be drawn to a charged receiver. While being drawn from 
the liquid the fibres usually harden, which may involve 
mere cooling (where the liquid is normally solid at room 
temperature, for example) , chemical hardening or 
evaporation of solvent. The fibres obtained by electro- 
static spinning are thin, and for the purpose of the 
invention they are usually of the order of 0.1 to 25 ym 
preferably 0.5 to 10 pm, more preferably 1.0 to 5 vm an d 
particularly preferably 1 P m + 20% in diameter. We have 
also found that for use in biological locations e.g. where 
they are likely to contact living tissue, the use of fibres 
of smaller diameter, i,e. less than 5 vm preferably less 
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than 2 ym and particularly about 1 ym is advantageous. 

The above mentioned patent application describes 
inter alia the production of tubular fibrous products or 
products comprising a tubular portion , using the technique 
5 of electrostatic spinning, and particularly the electro- 
static spinning of fibre- forming compositions comprising a 
polyurethane, so that tubular products comprising poly- 
urethane fibres having the above mentioned dimensions are 
obtained." Preferably substantially all of the electro^ 
10 statically spun fibres of the product are of polyurethane 
material. One example of such a tubular product is a 
vascular prosthesis , particularly a synthetic blood vessel. 
Other applications for such tubular products include use as 
ducts of a variety of kinds, e*g. urinary and bile as well 
15 as tubular components of structures of other configuration, 
for example, heart continents and components of auxiliary 
medical equipment, particularly where contact, especially 
lengthy contact, with living tissue is envisaged. Such 
tubular products are particularly . valuable where intermittent 
20 stretching or swelling of the product, such as may result 

from pulsed flow of liquid therethrough, is likely to occur. 

In the specification of the aforementioned patent 
application we have described the preparation of tubular 
structures by using as the charged former or collector a 
tube or rod, conveniently rotating, during said preparation, 
about its longitudinal axis. We have found that in such a 
process the product obtained sometimes displays a pattern of 
fibre deposition which tends to be longitudinal (i.e. 
parallel to the long axis of the tube) rather than 
circumferential (see Figure 1. In this, and in Figure 2, 
the trend of distribution is exaggerated for the purpose of 
illustration) and it is conjectured that the force field 
generated by the charge on the collector is such that 
disposition obtains. 

The present invention provides an improvement on the 
method and product of the aforementioned earlier application. 
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One object of the process of the present invention 

is to so modify the force field about the charged collector 

that the fibres are' deposited thereon in a pattern different 

from that described above , preferably so that a higher 

proportion of the fibres have a generally circumferential 

rather than longitudinal disposition (see Figure 2) . 

Accordingly one aspect of the present invention 

provides a process for the preparation of products comprising 

a tubular portion which process comprises the step of 

introducing into an electrostatic field a liquid comprising a 

flbreizable material, whereby the material is caused to 

produce fibres which tend to be drawn to a collector charged 

relative to the said fibres upon which they are deposited to 

form the said products, said electrostatic field being 

distorted by the presence of at least one auxiliary electrode 

It will be appreciated that the degree or magnitude 

and the form of modification of the field by the employment 

of the auxiliary electrode (s) according to the invention 

may be varied between very wide limits. As the mechanical 
properties of the product will reflect to some extent at 
least the disposition and proportion of fibres it contains 
it will be understood that the invention provides a method 
whereby tubular fibrous products may be prepared having a 
range of properties lying between the extremes In which a 
greater majority of the fibres tend to lie substantially in 
the circumferential or longitudinal direction* Since the 
strength or elastic modulus of the product is influenced by 
the disposition of the fibres constituting it, it is 
possible by control of the disposition of the fibres to 
control the strength and elasticity of the product in any 
particular direction. For example, where it is important 
that the product should have a particularly high 
longitudinal strength most of the fibres will preferably be 
predominantly longitudinal whereas where it is important 
that a tube should have a high bursting strength, a higher 
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prop- Ti-.n of circumferential fibres may be appropriate. In 
this way, it is possible to prepare a product having known 
and predetermined strength and elastic characteristics , 
which may be important in matching to, say, a particular 
5 location in the vascular tree. 

in general we prefer that not more than about 25% of 
the fibres in the product should lie predominantly in any 
one direction, i.e. that the product comprises fibres in 
both longitudinal and circumferential directions to provide 
10 both longitudinal and bursting strength. 

The location and size of charge on the auxiliary 
electrode (e) may vary between wide limits and the precise 
level of charge and balance of charge on the different 
charged components will be determined quite easily by simple 
15 trial, the object of such location and charge being merely 
to effect desirable alteration in the electrostatic field 
such that the chosen fibre disposition is attained in the 
product. Indeed we have found it possible, by actual 
observation of the fibre pattern during spinning, to "tune" 
20 the apparatus by varying the absolute and relative levels of 
charge on the collector and auxiliary electrodes, as well as 
the relative positions of the charged components, to give a 
desired fibre distribution and disposition and to effect 
optimum deposition upon the collector. 
2 5 Thus, in one process, we have employed, an arrangement 

of a plurality of linked auxiliary electrodes as shown 
diagrammatically in Figure 3, where 1 is the charged 
collector, 2 is a means of introducing fibreisable material 
into the electrostatic field and 3 is a grid of auxiliary 
30 electrodes. We may employ one or more auxiliary electrodes, 
which may be electrically connected or separate, and that 
they may be of any convenient physical form, e.g. rods 
(parallel or otherwise to the collector) , grids , networks 
of electrodes, etc. Obviously an auxiliary electrode 
35 arrangement will be chosen such that the flow of air to the 
fibres is not undesirably impeded. 
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The auxiliary electrode (s) may be of any appropriate 
material, usually a metal, and may be of any appropriate 
dimension. Thus, we have found it convenient to employ as 
the electrode one or more steel rods of diameter 1 to 10 mm 
5 5 to 50 cm long, either singly or arranged to provide a grid 
with a spacing of 1 to lO cm and alternatively an electrode 
comprising steel wire grids of cell size 5 cm. The auxiliary 
electrode (s) may be of any convenient shape; thus the grid 
may be substantially planar or it may be, for example , dished 

10 or curved. 

The charge on the auxiliary electrodes may be of 
either sign, depending upon the precise effect upon the 
deposition pattern that may be required. Where two or more 
auxiliary electrodes are employed the charge and the size of 

15 charge on them may be the same or different, depending upon 
the effect upon the fibre deposition pattern that it is 
desired that the auxiliary electrodes should bring about. 
Such effects can be determined by simple trial. 

We prefer to employ an auxiliary electrode having a 

20 charge of the same sign as that on the collector, but smaller, 
For example we have found it convenient to employ a collector 
charged to r say, 8 to 20 KV (relative to the source , and (-) 
or (+) ) and an auxiliary electrode charged to about 4 or 5 KV 
less. 

25 The auxiliary electrodes may be stationary in 

relation to the collector, but we do not exclude the 
possibility that they may move during production of .the 
product. Such movement may occur throughout spinning or it 
may occur otherwise , during only part of the process and it 

30 may be continuous or discontinuous. We have found it 

advantageous, for example, where the fibreisable liquid is 
introduced into the field from a moving hollow needle 

for an auxiliary electrode to ir:>ve in 
accord with the needle, for example in unison with it (see 

35 Figure 5) . 
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In a preferred electrode configuration the auxiliary 
electrode is shaped and disposed bo that it generates a 
field which encourages separation of the electrostatically 
spun fibres one from another as they are formed, the shape 
5 on the collector, however, being dominant so that fibres 
are deposited thereon. This arrangement is advantageous 
also in that by encouraging separation of the fibres it 
makes possible the use of an array of spinnarets closer 
together than wouia otherwise be desirable because of 

lO possible interference and even adhesion of the fibres one to 
another. This also makes possible, of course, the use of a 
higher concentration of spirtnarets. A particularly 
convenient auxiliary electrode configuration for this 
purpose is illustrated in Figure 6, in which the auxiliary 

15 electrode effectively encloses the collector on three sides 
although in such an arrangement the rear most electrode 
component (lO) may be omitted. Again, we have found it 
possible to control the deposition pattern by varying the 
charge and position distance of the electrode components 

20 one from another. In the electrode arrangement illustrated 
in Figure 6, for example, the auxiliary electrodes may be 
effectively one, held at the same potential, or they may be 
charged to different potentials, depending upon the fibre 

pattern desired. 

25 in particular, we have found that certain auxiliary 

electrode arrangements are advantageous in that they tend 
to cause the fibres to be stretched with the consequence 
that they are deposited upon the collector in an extended 
form. Upon removal from the collector if the fibres are 

30 sufficiently elastic they shorten and tend to cause the 

tubular component of the product to be reduced in diameter. 

Thus according to yet a further embodiment of the 
invention the electrostatic field is so distorted by the 
presence of the auxiliary electrode that stretching of the 

35 spun fibres occurs and the stretched fibres so formed are 
deposited upon the collector so that upon removal of the 
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collector from within the lumen of the product a reduction 
in the diameter of the lumen occurs as a consequence of 
shortening of the .said stretched fibres. 

« 

In particular the method of the invention provides a 
5 method of preparing tubular products of a diameter smaller 
than that of the collector upon which they are spun by 
introducing into the electrostatically spun product such a 
proportion of fibres particularly of an appropriate 
elasticity, that upon removal of the formed tube from the 

10 collector the diameter of the tube decreases, presumably 
as a consequence of the elasticity of the fibres. This is 
particularly important in the preparation of very fine bore 
tubes which otherwise are difficult to manufacture. 
Conveniently the tubular portion is reduced in diameter 

15 upon removal from the collector by at least 10%, preferably 
by at least 25% and more preferably at least 40% and 
possibly at least 50% or even more. 

Thus, the invention provides a method of preparing 
products comprising a tubular component, particularly 

20 products comprising a tubular component of the order of a 
very few mm, say between 1 and 3 mm or even less than 1 mm 
in internal diameter, although it is equally useful. for the 
preparation of larger diameter tubular products, e.g. having 
an internal diameter between 3 and 30 mm or even greater, 

25 particularly between 3 and 10 mm in diameter. The amount 
by which the diameter of the tubular portion decreases, if 
at all, will be influenced by the proportion of substantially 
circumferentially disposed fibres as well as their elasticity, 
but such effects may be determined by simple trial, and 

30 consequent selection of an appropriately dimensioned 

collector/ fibre distribution and composition to provide a - 
product of a chosen dimension. 

The dimensions of the product, and the thickness of 
the wall will be influenced by. the intended application and 

35 particular physical properties required. Usually the 

tubular component of the product will have a wall thickness 
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between 0.1 and 5 mm, preferably between 0.25 and 3 mm and 
preferably between 0.5 and 2 mm. For example, a vein 
replacement prosthesis may require a wall thickness as low 
as 0.2 or even 0.1 mm, whereas a replacement artery will 
5 usually have a wall at least 0.5 mm thick at its thinnest 
point. 

The precise location of and charge on the auxiliary 

♦ 

electrodes can vary widely, and we have found it particularly 
convenient to locate the auxiliary electrodes so that fibres 

10 are deflected out until they almost contact the electrodes, 
as shown diagrammatically in Figure 6, and are then attracted 
to the collector. In an extreme case {for example where the 
lateral electrodes approach the fibre source or where the 
charge upon the lateral electrodes is only slightly, e.g. 

15 2 to 3 KV less than on the collector) we have found that 
liquid spinning material may actually be attracted in 
droplets to the auxiliary electrodes and fibres may then be 
pulled from these deposits to the collector* Such fibres 
also are often stretched and provide a method of producing 

20 a product having a bore which is reduced upon removal of 
the collector according to the invention. Obviously 
conditions will be avoided in which fibres are undesirably 
prevented from being collected upon the collector. 

Although our preferred fibreisable material is poly- 

25 urethane, other polymeric materials may be egually suitable, 
although their elastic properties may sometimes not be so 
advantageous. Thus, we have also used polyethylene tere- 
phthalate, fluorinated compounds, particularly fluorinated 
hydrocarbons, e.g. PTFE and silicones, polyamides, poly- 

30 acrylonitrile, urea formaldehyde , etc. Where water-soluble 
polymers are employed a degree of cross- linking is 
advantageously induced to provide water insolubility. 
They may be spun from solutions or suspensions, as may be 
convenient. Polymers which in the fibrous state have a 

35 degree of elasticity are preferred for at least a proportion 
of the fibrous component of the product. 
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The technique of electrostatic spinning of liquids, 
including solutions containing a fibre forming material is 
known and has been described in a number of patent 
specif ications, including US Patent No 4,044,404 as well as 
5 in general literature, and information therein will be 
relevant to the operation of thiB invention. 

While the foregoing description has referred to the 
preparation of products consisting of fibres, the invention 
is also applicable to the production of products comprising 

lO component (s) other than fibres obtained by electrostatic 

spinning. Such other components may themselves be fibrillar 
or non-fibrillar and may form an attachment to a tubular 
portion, which portion is prepared from electrostatically 
spun fibres, or the other component may itself be a 

15 component of the tubular portion of the product and may, 
for example, form an inner lining or an outer sheath or 
sleeve, or both, for the electrostatically spun fibre 
component. 

Thus, the invention also provides a product comprising 

20 a first component which comprises electrostatically spun 

fibres and a second component which may be fibrillar or non- 
fibrillar and which is prepared by a technique other than 
electrostatic spinning. Such second component may, for 
example, be a woven fibrillar product, or it may form a 

25 sheet, e.g. a liquid impermeable layer of polymer- Any 
such material used in a prosthetic or other device to be 
used in contact with living body tissues will of course be 
biologically acceptable. Such other components may be 
formed before the spinning and collection of the electro- 

30 statically spun fibres , which may be spun onto the other 
component, where, for example, it is formed as a layer on 
the collector, or the other component may be applied to 
the electrostatically spun portion after its formation. 
The product of the invention comprises an 

35 arrangement or pattern of fibres different from that of 
the product obtained in the absence of the auxiliary 
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electrodes, and consequently will have properties different 
.7 rem - products, 

The invention is further illustrated by the following 
examples . 
Example 1 

The apparatus was a s shown diagrammatically in Figure 4. 
The fibre collecting means consisted of a metal collector 
(charged to -12 KVJ (mandrel) 4 mm in diameter (4) having a 
sheath of aluminium foil (5) O.02 mm thick wrapped around it» 
The mandrel was rotated about its long axis at about 300 rpm. 

An auxiliary electrode ('6) consisting of a plurality 
of connected steel rods each 4 mm in diameter , 25 cm long, 
and 5 cm apart, was located 7 cm away from the collector and 
charged to -7 KV. 

The fibre forming material was fed into the electric 
field surrounding the mandrel from a syringe (7) the needle 
of which was 3 cm long and 0.05 cm I.D. The fibre forming 
material was a polyester ure thane block copolymer in DMF/ 
But an one solution. The dried solid polymer had a hardness 
within the range 30-40° shore D, 

Upon introduction of the polymer into the electric 
field the droplet instantly disintegrated into fibres which 
were drawn to the collector (over a distance of 10 cm against 
a counter current of air at 40°c moving at about 100 ft/rain) 
and deposited upon it in a tubular layer (8) » 

After allowing the layer to attain a thickness of 
about 2 mm the process was stopped, the collector removed 
from the apparatus, the aluminium and deposited fibrous tube 
slid off the collector and the sheath crushed and removed 
from the lumen of the fibrous tube. 

Upon removal of the tubular product it was found 
that the diameter of the tube decreased to about 2 mm and 
the elastic modulus of the tube measured in a circumferential 
direction was greater than that of a similar tube prepared 
without using the auxiliary electrode. 
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Example 2 

The process of Example 1 was repeated except that the 
syringe was repeatedly traversed along the length of the 
collector as indicated in Figure 6 (which is a plan view) 
5 and a single rod auxiliary electrode 4 mm in diameter and 
20 cm long traversed similarly on the side of the collector 
away from the syringe. 
Example 3 

The process of Example 1 was repeated except that the 

10 auxiliary electrode was shaped and disposed as shown in 
Figure 6 (Figure 6(a) is a plan view, Figure 6 (b) is a 
sectional view along the line A-A in Figure 6(a)). The 
auxiliary electrode was formed of three flat electrically 
connected grids (9 r 10 and 11) of steel rods 4 mm in 

15 diameter and 2 cm apart. The distance n d" was 10 cm. The 
auxiliary electrode was charged to -8.5 KV and the collector 
to -12.5 KV. The path of the fibres is shown diagrammatical ly 
by dotted lines (12) . 

It will be appreciated that although the process has 

20 been described in the examples as using a single syringe or 
spinnaret a plurality of spinnarets may be employed to 
increase the rate of fibre formation. 

The products of the invention find wide application , 
particularly in the medical field, as tubular devices for 

25 use in suitable locations , for example as prostheses of 
various kinds, e,g, vascular, and as synthetic urinary and 
bile ducts, as synthetic tracheae, and as tubes for a wide 
variety of other purposes. 

According to a further aspect of the invention , 

30 therefore , there is provided a product for use in medical 
or veterinary applications , particularly as a prosthesis 
for incorporation into a living organism, for example as a 
component of the vascular tree, prepared by the process 
hereinbefore described. Products made by the process are 

35 found to take sutures well, without undue tearing, and not 
to leak unduly upon slight puncture. 
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1. A process for the preparation of a product 
comprising a tubular portion which process comprising 
introducing into an electrostatic field a liquid comprising 
a fibreiza ble material, whereby the material is caused to 
produce fibres which tend to be drawn to a collector charged • 
relative to said fibres and upon which they are deposited to 
form said portion, said electrostatic field being distorted 

by the presence of at least one auxiliary electrode. 

2. A process according to claim 1 in which the collector 
is of cylindrical shape. 

3. A process according to claim 1 or 2 in which the 
product is a tube. 

4. A process according to claim 1 in which at least 
one auxiliary electrode is located so that the collector 

is positioned substantially between said auxiliary electrode 
and the point at which the liquid is introduced into the 
electrostatic field. 

5. A process according to claim 1 in which the 
auxiliary electrode carries a charge of the same sign as 
does the collector. 

6. A process according to claim 1 in which the 
auxiliary electrode carries a charge smaller than that on 
the collector. 

7. A process according to claim 6 in which the 
auxiliary electrode carries a charge between 2 and 8 KV less 
than that on the collector* 

8. A process according to claim 1 in which the 
distortion of the electrostatic field is such that the 
relative disposition of the deposited fibres upon the 
collector is altered from that obtained in the absence of 
the auxiliary electrode. - 

9. A process according to claim 8 in which the 
auxiliary electrode is so positioned and charged that the 
proportion of fibres deposited in substantially circumferential 
disposition is increased relative to those so deposited in 
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the absence 01 said auxiliary electrode. 
1G. A process according to claim 1 in which the 

disposition of fibres deposited upon the collector is such 
that upon removal of the collector the tubular portion 
reduces in diameter. 

11. A process according to claim 10 in which the 
reduction in internal diameter is greater than 10%. 

12. A process according to claim 10 in which the 
reduction in diameter is between 10 and 25%. 

13. A process according to claim 10 in which the 
reduction in diameter is between 25 and 40%. 

14. A product comprising a tubular portion comprising 
fibres , said tubular portion having been formed upon a former 
and said fibres being so disposed that upon removal of the 
former the tubular portion reduces in diameter. 

15. A product comprising a tubular portion comprising 
both longitudinally and circumf erentially disposed fibres, 
the disposition of said fibres being such that not more than 
25% of them lie predominantly in any one direction. 

16. A product comprising a tubular portion, said tubular 
portion comprising fibres deposited upon a charged collector, 
the field around said charged collector having been 
distorted by the presence of at least one auxiliary electrode. 

17. A product according to claim 16 in which the fibre 
disposition in the product is different from that which - 
is obtained in the absence of the auxiliary electrode. 

18. A product according to claim 17 comprising a 
proportion of substantially circumf erentially disposed 
fibres higher than that obtained in the absence of the 
auxiliary electrode. 

19 . A tube of internal diameter of between 1 and 30 mm 
comprising a plurality of fibres of diameter O.l to 25 mp , 
at least a proportion of said fibres lying longitudinally 
to the long axis of the tube and at least a proportion 
lying circumf erentially , and not more than 25% of said 
fibres lying predominantly in any one direction. 
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20. A tube of internal diameter between 1 and 30 nun 
obtained by the process of claim 1, 

21. A tube according to claim 20 comprising fibres of 
polymeric material selected from the group consisting of 
fibre forming polyurethane , fluorinated hydrocarbons , 
polyester/ polyamides and polyacrylonitrile. 

22. A prosthetic device according to any of claims 15/ 
16, 19, 20 and 21. 

23. A method of repairing a damaged blood vascular 
component which comprises excising a portion of the said 
vascular component and replacing said excised portion with 
a suitably dimensioned prosthesis device according to 
claim 22. 
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<nftJ&oBSrcteWm«0ll^l3fflroQia«/>ft < 

(a) 



«*Mn855~57P60< 2) 
ACStM'BSfV ^ Aft & 4 »"C *&«*FI8*<otKlfflSB 

v»OiJ^<nsEHj;R^j^rTO*CK^ i p ft * 

09 E« 0. 1 - 2 B <i»n<o«nar«>«*8 i j) * a 

ft< ^%8>Am*^t«>Wt7<r»««8cofi»^iBjvcrTq 
^•cir p > o?*a«<n ^ *,<r>4>ft < a * A SI fro 

'"T* i* j: 9 * 4»fl?4> fci8* *H* H*i**rt?eo 
18*3 ft S4»Pf SB 5R ffl Iff 2 0 J® fl2 «K <0 # „ 

(22) »P?W*OHHH 1 5 . 16, 19,20 

CO 



fic^tfw* tiaras 2 2£i6eifc«jg«ftttjE7)?g 
5. C WWOWJOftlBl W 0 

ft* *>>4 ttflTto, ^2704771 .8 UJBtt 

Ktt:, fcf # iff & ft ft * U"C ^fiff t" L. 

ift * — £Jg**«raH* A_hPtis^r^ t t & t, ft 4 
.t i>tft*ftt«ft. *? ifo «9 o 19 1?3 © # * 

m pc * ft # (B * r ) , fe^e^ftffiht 

to 



1 D «m . £ (c'tf tl<UH 0 ~ S *ni l. "C 

meoK^f^tt^aoicrt. it*, wis 
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*■ 

V 

^ K ft 



*l*«&«aufc»*" XV « # tt> # # A «■> i£ ., 

W«^iSW*««*f * t t BEGSt £ n-C^ C 

R/«:tfr*X9tf*^rsj<**fc lb ^tr> 

*> * t £ w * ntvi t ( R 1 Jfl« * 1 *- 

XftWtt J:8B P 4 y V Pfm mm OB &KK(Hf8i\ 



ttK!R55 -57360C3) 

■*s> u o— @ ran. ft ^>jae^> 

4 J: 15 *t C W 2 <B 0 f*R > . ijfcfl: "T A £ £ t * 4 <• 

to 



ft * M « 1* fe * » 63B <o # Qtt K 

7OT*** 2 9« 8Hfl»»JK> X O'Wtt* 4? * * x 
« n a, <ot . =» v i- o — a- -r- i d i 

it-r * <o jg -c « *»„ t <ox *> K-th 

tf til « <0« *ff * R « <0 «f 5? KIRK, a * 3 A <n 
♦4*? fS* TT-f 4«Atf« i C t rfiBJflBT^ a* 

o 35 1 t n ^» - -ft is fc a <r #] «: pi ^ -t at -c ^ a 



(»c frTt-r? X SC A. * C t *«T 4 . »*<Dffiisc®^.b 
rc^Wf *t fc«:X !>, MMA*>x V««rHtM(o 

a»<c «a*ie*j^ x c/*i^tf5* v -« a< t sctao t. * 
jeaKfr^t, in«mw»^v 2wr««itia^ 
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■ • 

5 0 <W> — *t/tWt-tniUJ:iD 5«tf * , T * 

4,L,<tti»tflT it* t*-pt:*j;v^ 
n^#T*-?t«i 1 1*. - ^* * « -t n iyjjb » « 



«9MII355 -57DG0C* i 

*jfc<s*«w-*&ja-§-K:rt, * n © ieh* * * 

raws Kjtoi&ffi t(»j cr^-ch 
o 4 (ft ^fitA?* A *?! Aft flr $6 * 

2D KV (Ugicjut. ****** AttiE ) 

A tf w ft « # 44 r t# bo r & ^ « 



*'fe£fera*»^T^ Lfr<o<iftlftftftr>?% 

"C * 4 i . 4 a tr v -f u y y of} Tfs toft 

(13) 



«»ttr*n«:. fift<a««iaL, Wrfftow^w,^ 

M»Cb$*5. ^.<ut-t?)X5 K*&«3*,tg, 
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*rc^a^ftwitt'fr^'-r ****** jS«j* oca f#ti 

J:*C* A £ ft Wifla X p 4, CrSt^T A * 

'> -r * j: ? -r * « 

1 «WT«*-*'-«U*»J: > * A tt «B * W 

vc % i*i^6C *f m r Ai. 



#5fl«J55 -570B0f6) . 

Lit&w^au* * x paae attic £ 
aetjsu -r * b ^>#5^^^s&o«ft * W * 7tJ6<o 

0K ft © * *6 *. * of K fljtt @ (rg t T 4 fflA i> x 

« * com?awpf«w*%»t r -=> -c £ * n 

0.2 5- 5 «, Jtj^R* L<tta5-2«^*flt 

a 2 - * 

M 1£f$ <n 2H Jf_ 4 ft Kf X l>* «t m HE Jfc «5 W? »C ?c 

n£« aAttietgjHwrf^Kr^'rx 5 k« £ a. 
^ffiffi>Wffi«:«-r&ft f re * a e, *>A^mi& 

* t>*v a x 5 Kwttmas *<■ * ^^H-flf* 

(11) 



a^^fiA^Uffi X J i t>T W*.** 2 — 

5 KV /cW«^tB# ) <C«, ffit*»tt#fi3 

9KTg*tt*fiii>!L.*. t»na ca*s * -« 

L*fcfcKIH&*««#-rAi6?l<c*TT'Aft!«*.* 

*.a. <&«utnatftA±rc$8&;s niwjT-arctt 

JW-C « V»ti 4*4 J. -tCTv ttAttrfV**, 
JS« !C * * ( W ; PTFB ; % '/<J *i)7f 



? ftffifljro^n. ta -c *>ot: t * 

T*o-c4»X<, n H tt fi? ^« ftKitf) Pi 

«^<^^/ r , ft»W* ft H -t ^ ia? * itw 

jf.ffiiu^<o^feTflB b nrtW 2 -t . 75'^.*A 

(IB) 



ft. <?» 



i 
6 



MDJt^ilT^Ai g K«*©J:>c# 13*8* fit & * 

tl***8t»£ti#ft *GUdaK*M* L~ 
U? w 15 rf* * tot d ©tcrtBanr^-r,, 



•t 5 0 0 r pn>-cia<e«^n: 0 s» a >. % . k«25 

3 ft ( £ J * # & A * 7omft UXtttKL-C - 7 
**«£J&A*fc*f«tf, ^-5 5cm. n% QD 5 cme > 

• » W * V * o P>i* # ff £■ t* <7i JJA/F/:?- * ✓ rff 

fit T to^fti * <n at f%n S q - 

a«* 0.07-i-h /*TAc*t *4 or 

©POflEffiSltfKKflt Lt 1 Ocm <7> |£ « K. * J> ). 

(20) 



?5 «t» A * fl» L L-C<a*15Jtr^WflB^ b « !J 
ffi t m^faircwta ^ 

6©<OX5ftWffirc ttRSl L/t. 176 ( * )I3 

A. - a *c *^|r; tffi ®t 4. i . flSMfttSttHcxn 
sn ft *ffi r ') v t ? . 1 OfriW 

(*.i> 



^ * V U-cffl»*stJg«ft jg^ unci 

*»W^3b<ci!(nBi«lrcj:ji.«, M^-tK 
*cRK«r*»T?fl£ftsn ^ tt «i ». * 

*tt*ift<. i/tbf ^itM^^^T^Tfi 
«<E5«lUftWC £*<AJOfc„ 
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4. C 3 

reflex L-C^ AttaojtSB- 8* 5 IStt**f 



K S2 A * « * (*2*> 







Fig.6M 
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« a £ 

WK* M * W * * 

' ■* J? MINUS /3/*7? * 
2. W W <0 • W 



3. « JE 4 * « 
ft « 

ft m &*«+«ffla*w-TB2 0j 

ft « (2770) #JB± 



8 * 2;! :., 



A. W £ O « 
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